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BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The invention relates to business decision systems, and more 

particularly, to business decision systems and methods for recommending 
business decisions driven by weather elements. 

Background of the Invention 

[0002] The impact of weather is direct and dramatic on many facets of 

business and social life. As a result, many complex tools have been developed 
to forecast weather conditions. The Farmer's Almanac and the National 
Weather Service forecasts are two of the best known sources of weather 
forecasts. Business decisions are often influenced by these forecasts. These 
forecasts generally provide useful information that can help businesses and 
others make informed decisions regarding events or activities that are weather 
driven. Unfortunately, assessing weather forecast data, and generating a 
specific business action based on weather forecasts presents a daunting and 
complex challenge that prevents businesses from effectively using 
relationships between business activities and weather elements, and weather 
element forecasts to develop business actions. 

[0003] Furthermore, while forecasts, such as those provided by Farmer's 

Almanac and the National Weather Service generally provide accurate 
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forecasts, existing forecasting techniques are not perfect - nor will they likely 
ever be. Thus, business decisions based on weather forecasts are subject to the 
uncertainties associated with weather forecasts. 
[0004] What is needed are cost effective systems and methods to generate 

business recommendations for specific business actions based on forecasted 
weather elements and relationships between a business activity and weather 
elements. 

SUMMARY OF THE INVENTION 

[00051 The invention is directed to systems and methods to generate business 

recommendations for specific business actions based on weather element 
forecasts and relationships between a business activity and weather elements. 
The system includes a confidence level filter, an opportunity matrix filter, a 
weather decision point generator, a business rule recommendation engine and 
a business rules knowledge database. In a further feature a graphical user 
interface and an interface to external databases is provided. The interfaces 
allow the system to be used across a network, such as the Internet. 

[0006] Methods of generating business recommendations for business 

activities based on one or more weather elements are also provided. The 
methods include receiving a weather element relationship for a business 
activity and weather driven demand data for a set of time periods (e.g., a 
weeks, months, or seasons). The weather driven demand data provide an 
indication how a business activity will be influenced by one or more weather 
elements. 

[0007] The method proceeds by assigning opportunity measures to each of the 

data points within the weather driven demand data, and identifying weather 
decision points based on opportunity measures associated with a weather 
driven demand data point. The assignment of opportunity measures includes 
assigning tags, such as high opportunity, low opportunity, high risk, and low 
risk to each weather driven demand data based on a set of opportunity matrix 
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rules. The opportunity matrix rules contain a knowledge base generated from 
the study of historical business activity results that were influenced by weather 
elements. 

[0008] The method then applies business weather rules to the weather decision 

points to generate business recommendations. The business weather rules 
provide specific actions, such as adding inventory or increasing markdowns. 

[0009] In a further feature, a weather element relationship confidence level is 

assigned to each data point within the weather driven demand data. The 
strength of the confidence level is based on how strongly correlated a 
product's business activity results are related to weather elements. This 
confidence level is then factored in to determine the weather decision points. 
In another further feature, a weather element forecast confidence level is 
assigned to each data point within the weather driven demand data. This 
confidence level can also then be factored in to determine weather decision 
points. 

[00010] The invention provides a cost effective system and method to generate 

business recommendations based on weather elements and relationships 
between a business activity and weather elements. The invention also 
provides an efficient approach to assessing the likelihood that a weather 
element forecast will be accurate. 

[00011] Further embodiments, features, and advantages of the invention, as 

well as the structure and operation of the various embodiments of the 
invention are described in detail below with reference to accompanying 
drawings. 

BRIEF DESCRIPTION OF THE FIGURES 

[00012] The invention is described with reference to the accompanying 

drawings. In the drawings, like reference numbers indicate identical, or 
functionally or structurally similar elements. The drawing in which an 
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element first appears is indicated by the left-most digit in the corresponding 
reference number. 

[00013] FIG. 1 is a diagram of a weather-based decision system, according to 

an embodiment of the invention. 
[00014] FIG. 2 is a flowchart of a method to generate business 

recommendations based on weather elements, according to an embodiment of 

the invention. 

[00015] FIG. 3 is a flowchart of a method that uses trends in weather elements 

to assign a confidence level to a weather element forecast, according to an 

embodiment of the invention. 
[00016] FIG. 4 is a chart that illustrates example weather driven demand data, 

according to an embodiment of the invention. 
[00017] FIG. 5 is a chart that illustrates an example output showing a business 

recommendation related to price promotions, according to an embodiment of 

the invention. 

[00018] FIG. 6 is a chart that illustrates an example output showing a business 

recommendation related to inventory allocation, according to an embodiment 
of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[00019] While the invention is described herein with reference to illustrative 

embodiments for particular applications, it should be understood that the 
invention is not limited thereto. Specifically, the invention is described herein 
primarily in the context of a retail environment. However, it should be 
understood that the invention can be adapted and envisioned for use in many 
other applications, including but not limited to, retail products and services; 
manufacturing/production (e.g., construction, utilities, movie production 
companies, advertising agencies, forestry, mining, and the like); 
transportation; the entertainment industry; the restaurant industry; consumer 
activities and/or events (e.g., golfing, skiing, fishing, boating, vacations, 
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family reunions, weddings, honeymoons, and the like); and processing, 
valuating, and trading of financial instruments (e.g., options, futures, swaps, 
and the like). Those skilled in the art with access to the teachings provided 
herein will recognize additional modifications, applications, and embodiments 
within the scope thereof and additional fields in which the invention would be 
of significant utility. 

[00020] FIG. 1 illustrates a weather-based decision system 100, according to an 

embodiment of the invention. Weather-based decision system 100 can be used 
to provide business recommendations. These recommendations are based on 
known relationships between weather elements and a business activity, 
weather forecasts, historical weather data, and business rules. In some cases, 
historical business activity data will be used to generate recommendations, 
while in others historical business activity data will not be used. As used 
herein, weather element can include any type of weather element, such as 
temperature, low temperature, high temperature, or level of precipitation. 

[00021] The following are two high level examples of the types of business 

recommendations that weather-based decision system 100 can generate. 
Weather-based decision system 100 can be used to provide a business 
recommendation that advises a business to increase its inventory of boots for 
the coming fall. Alternatively, weather-based decision system 100 can be 
used to provide a recommendation that advises the planners of a series of 
outdoor concerts as to the potential number of attendees at the concerts. 

[00022] In other cases weather-based decision system 100 can be used to 

generate very specific and extensive recommendations. For example, a 
national department store may desire to receive recommendations regarding 
inventory levels for the coming fall for their entire stock of outdoor clothing 
(e.g., women's boots, men's boots, men's sweaters, women's sweaters, men's 
outerwear, etc.) for hundreds of stores in locations throughout the United 
States. Ordinarily, providing such a recommendation would be a daunting 
task. While still complex, weather-based decision system 100 simplifies this 
task, organizes and prioritizes recommendations, and improves business 
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efficiency. In particular, weather-based decision system 100 automates this 
process, leveraging known weather element relationships for the merchandise 
and an extensive knowledge base of business rules to generate a set of 
recommendations by product, date, and location with the ability to aggregate 
results within a geographic, time-based, product-based or combined 
geographic, time-based, and product-based hierarchy. 

[00023] Throughout the discussions herein, the invention is primarily described 

in the context of business rules and recommendations. However, the invention 
is not limited to these examples and can be widely used to make business 
recommendations regarding a broad range of activities, including but not 
limited to, commercial sales, retail sales, manufacturing, and event planning. 
The invention can be used to support recommendations for any type of 
activity, provided that a weather element relationship for the activity is known. 
Furthermore, the invention can be used to provide business recommendations 
for any future time period. A time period can be a day, week, weekend, 
month, season, or any other time period for which weather element 
measurements or business activity data are available. 

[00024] In the example of FIG. 1, weather-based decision system 100 includes 

data interface 105, confidence level filter 110, opportunity matrix filter 115, 
weather decision point generator 120, business rule recommendation engine 
125, business rules knowledge database 130, and graphical user interface 135. 
Data interface 105 receives data regarding a known weather element 
relationship for a business activity. For example, the received data could 
include weather driven demand predictions for the sale of lawnmowers in 
Atlanta, Georgia for a future time period. Weather driven demand predictions 
can include a predicted expected sales increase or decrease in sales from last 
year for each day, or other time period, in the coming year. 

[00025] In addition the received data can include measures of the strength of 
the weather element relationship for lawnmower sales. The weather element 
relationship for a business activity, such as the sale of lawnmowers, can be 
quite complex. In particular, sales of lawnmowers can be a function of the 
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temperature and level of precipitation. The sales of lawnmowers can also be a 
function of many other factors, such as state of the economy, housing market, 
sales promotions, etc. which must be filtered out of the model to specifically 
identify weather element impacts. The function will vary over time, such that, 
high temperatures and high levels of precipitation in the Spring may stimulate 
lawnmower sales. Whereas, high temperatures in mid-Summer may diminish 
lawnmower sales. Examples of the measures of the strength of the weather 
element relationship can include the model error (e.g., % standard deviation, 
R , and Sig-F). Other received data can include the weather forecast for the 
weather elements used in the weather element relationship. Additional data 
needed by weather-based decision system 100 can be accessed through 
external database interface 140. 

[00026] In one embodiment of weather-based decision system 100, data 

interface 105 will also be used to receive measures of confidence in the 
weather forecast for the weather elements. One type of confidence measure 
that can be received is a confidence level that the weather element forecast is 
correct, based on a comparison between the weather element forecast and a 
weather element prediction using trends in weather factor measurements. A 
weather element forecast is based on a weather forecast, such as Farmer's 
Almanac, the National Weather Service forecast or some other forecasting 
service. A weather element prediction, on the other hand, is based on 
examining trends in weather element measurements. 

[00027] Confidence level filter 110 is an optional element within weather- 

decision based system 100 coupled to data interface 105 that filters the 
incoming received weather driven demand data to highlight those weather 
driven demands in which the highest level of confidence exists in the weather 
element relationship between business activity and the weather elements, and 
in the actual weather element forecast. For example, confidence level filter 
110 can receive weather driven demand data for lawnmower sales for Atlanta 
throughout a future six-month period. Confidence level filter 110 examines 
each of the weather driven demand data points to assess the strength of the 
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weather relationship for each time period (e.g., day, week, weekend) and to 
assess the confidence level in the forecasted weather element. Optionally, 
through the use of graphical user interface 135, filter settings can be set to 
determine which weather driven demands are highlighted based on the 
confidence level and strength of the weather relationship. 

[00028] Opportunity matrix filter 115 is also used to highlight weather driven 

demand data to characterize the opportunity or risk associated with a particular 
weather driven demand data point. When confidence level filter 110 is used, 
data that has a low confidence level based on the weather element relationship 
and the confidence in the weather forecast can be removed or flagged as a high 
risk weather driven demand because of low confidence in the underlying 
values. System settings can be adjusted within weather-based decision system 
100 as to how the confidence levels associated with confidence level filter 1 10 
are factored into the decisions made by opportunity matrix filter 115. 

[00029] The opportunity matrix filter 115 uses a set of opportunity matrix rules 

to further characterize the opportunity or risk associated with a particular 
weather driven demand point. The opportunity matrix filter contemplates 
employing standard and non-standard statistical measures that are used to 
control the determination of business opportunities or risks. For example, if a 
maximum value is exceeded, an opportunity could be generated. Conversely, 
if a minimum or lesser value is presented, a risk could be generated. 

[00030] Weather decision point generator 120 is coupled to opportunity matrix 

filter 115, and is used to generate weather decision points. Weather decision 
points are weather driven demand data that are deemed to be relatively 
important, that is, data that indicate a period of time when a business 
recommendation should be made. For example, all weather driven demand 
data that were determined to be HIGH OPPORTUNITY or HIGH RISK may 
be determined to be weather decision points. 

[00031] Business rule recommendation engine 125 is coupled to weather 

decision point generator 120, and is used to provide specific recommendations 
for a business activity based on the output of weather decision point generator 
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120 and rules contained within business rules knowledge database 130. In the 
context of retail sales, the business recommendation can address areas such as, 
but not limited to, excess inventory, stock out risk, allocation of inventory, 
product replenishment, price promotions, markdowns, display timing and 
media timing. For example, business rule recommendation engine 125 may 
receive weather decision points from weather decision point generator 120 that 
identify a period of four weeks in which lawnmower sales are predicted to be 
significantly higher. Business rule recommendation engine 125 would access 
business rule knowledge database 130 to identify any business rules that 
would apply to the particular situation. One such rule, might be to evaluate 
planned inventory levels and adjust them accordingly. Specifically, if the 
weather decision points showed that inventory would be short 1000 units, 
business rule recommendation engine 125 would generate a recommendation 
that inventory levels be increased. 

[00032] Business rules knowledge database 130 contains a set of knowledge 

and experience based business rules that allow business rule recommendation 
engine 125 to generate business recommendations for weather decision points. 
Business rules within knowledge database 130 can be applied to circumstances 
when actual customer data is being used within weather-based decision system 
100 or when customer data (or its surrogate) is unavailable. 

[00033] In the case when actual customer data or syndicated data for a 

customer is used, one example of a quantitative business recommendation rule 
relates to awareness campaigns/marketing recommendations. (Syndicated data 
refers to industry data that is representative of customer data.) Awareness 
campaigns/marketing include any awareness type campaign that does not 
involve a price promotion. Examples would include radio advertising, TV 
advertising, print advertising and the like. The business recommendation rule 
defines specific criteria for the generation of when an awareness campaign 
should be conducted. Within a recommended period, the best week or weeks 
for conducting an awareness campaign are depicted with a number ranking 
scheme. 



SKGFREF.: 1481.0310000 



- 10- 



[00034] In the case where customer data (or a surrogate for customer data) is 

not used, example qualitative business rules can address seasonal merchandise 
sales, store traffic/transactions, media/marketing effectiveness, markdowns 
required, logistic surprises and energy consumption. 

[00035] Graphical user interface 135 enables a user to control, view data and 

receive recommendations generated by weather-based decision system 100. 
Graphical user interface 135 is coupled through connection 145 to confidence 
level filter 110, opportunity matrix filter 115, weather decision point generator 
120 and business rule recommendation engine 125. Connection 145 can be 
wired or wireless, and represent either a direct connection between a user and 
weather-based decision system 100 or a connection that traverses a local area 
network or the Internet. 

[00036] External database interface 140 provides an interface to external 

databases that may be accessed to gather data to support weather-based 
decision system 100. Example databases that can be coupled to external 
database 140 include, but are not limited to, historical sales data for a product 
being considered, planned sales or inventory levels for a product being 
considered, weather forecast databases (e.g., Fanner's Almanac, National 
Weather Service forecast), historical weather element databases (e.g., daily 
temperatures for the past year, daily precipitation for the past year), and 
weather element prediction databases (e.g., weather elements predicted based 
on trends in weather element measurements). 

[00037] Connection 150 exists between external database interface 140 and one 

or more external databases. Connection 150 may be wired or wireless, and 
can be directly coupled to a database or represent a local area network or 
Internet connection. 

[00038] FIG. 2 provides a flowchart of method 200 to generate a business 

recommendation, according to an embodiment of the invention. Method 200 
begins in step 210. 

[00039] In step 210, a weather element relationship for a business activity is 
received. For example, weather-based decision system 100 can receive a 
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weather element relationship from an external source through data interface 
105. The weather element relationship provides measures of the confidence 
level associated with the weather element relationship. For example, the 
confidence level will identify how closely correlated is the sale of a product 
related to weather elements. In the case of winter jackets, the confidence level 
may be very high, while in the case of life insurance the confidence level may 
be low. That is, while winter jacket sales may be strongly influenced by 
temperature, life insurance sales may only be weakly related to weather 
elements. 

[00040] In step 215, weather driven demand data is received for a set of time 

periods. Weather driven demand data can also be received, for example, 
through data interface 105 within weather-based decision system 100. As 
stated above, weather driven demand predictions can include a predicted 
expected sales increase or decrease in sales from last year for each day, or 
other time period, in the coming year. FIG. 4 provides a chart that illustrates 
example weather driven demand data that can be received. The chart 
illustrates weather driven demand for shovels for time period 1 through time 
period 6 for four geographic locations. Thus, for example, the weather driven 
demand for location 1 for Time Period 1 would be +10% above weather 
driven demand for shovels for Time Period 1 for the previous year. The time 
periods used can be any time period for which data is available (e.g., weeks, 
weekends, months, seasons). Associated with each weather driven demand 
would be a measure of the strength of the correlation between shovel sales and 
weather for that time period. 

[00041] In step 220, a confidence level is assigned to the weather element 

relationship for the product being considered. For example, confidence level 
filter 110 can assign a confidence level. The assignment of a confidence level 
can be based on received data relating to confidence levels, computations 
made within the system to generate a confidence level, or a combination of 
these. The weather element relationship confidence level provides one way in 
which weather driven data can be filtered to identify those weather driven 
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demands that should be acted upon. One example of how the confidence level 
can be assigned is based on the strength of the correlation between weather 
elements and the product being considered for each time period (e.g., a day, a 
week, etc.). When a correlation is weak, less confidence exists in the estimate 
for the weather driven demand. Therefore, weather-based decision system 100 
would be less likely to provide a business recommendation for that weather 
driven demand. 

[00042] In step 225, a confidence level is assigned to a weather element 

forecast. For example, confidence level filter 110 can provide a weather 
element forecast confidence level to a weather driven demand data point. The 
assignment of a confidence level can be based on received data relating to 
confidence levels, computations made within the system to generate a 
confidence level, or a combination of these. One method of assigning a 
confidence level is based on using trends in weather element measurements. 

[00043] In step 230, weather decision points are identified. For example, 

opportunity matrix filter 115 can flag weather driven demand data as 
representing an opportunity or not, while weather decision point generator 120 
examines these opportunity characterizations along with the confidence levels 
in the weather driven demand data to identify weather decision points. As 
stated above, weather decision points are those weather driven demand data 
that are deemed to be important, that is, data that indicate a period of time 
when a business recommendation should be made. In one embodiment, 
weather decision points are determined by examining the weather relationship 
confidence level, the weather element confidence level and the opportunity 
matrix rules described above. In alternative embodiments, weather decision 
points can be identified by using any one or combination of these factors. 
Through use of a graphical user interface, such as graphical user interface 135, 
weather decision points can be highlighted by, for example, color coding cells 
in the chart in FIG. 4 to be displayed within graphical user interface 135. 

[00044] In step 235, business weather rules are applied. For example, business 

rule recommendation engine 125 can apply business rules from a business 
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rules knowledge database, such as business rule knowledge database 130 to 
generate specific business recommendations. In one embodiment, these 
recommendations are based on the use of actual sales or activity data for a 
product being considered. In another embodiment, actual data is not used and 
qualitative business recommendations can be generated. 

[00045] In step 240, business recommendations driven by weather elements are 

provided. For example, graphical user interface 135 can output business 
recommendations to a user based on the recommendations generated in step 
235. In step 245, method 200 ends. 

[00046] Example outputs that can be generated by, for example, graphical user 

interface 135 are illustrated in FIG. 5 and 6. FIG. 5 illustrates graph 510 and 
recommendation chart 520 for lawnmower sales in Atlanta. Graph 510 shows 
a bar chart of weather driven demand mapped against last years sales activity 
for lawnmowers. Recommendation chart 520 recommends four price 
promotion periods. 

[00047] FIG. 6 illustrates graph 610 and recommendation chart 620 for 

lawnmower inventory for a store in Atlanta. Within graph 610, line 635 
shows the current inventory allocation plan for lawnmowers. Line 640 shows 
the projected inventory needs based on weather driven demand data. Shaded 
areas 642, 644, 646 and 648 highlight potential inventory shortages. 
Recommendation chart 620 provides recommendations for increasing 
inventory levels, where potential stock out risks exist. 

[00048] FIG. 3 provides a flowchart of method 300 that assigns a confidence 
level to a weather element forecast for use to develop business 
recommendations, according to an embodiment of the invention. Method 300 
begins in step 310. In step 310 a future time period is received. In step 320, a 
weather element is received. Alternatively, more than one weather element 
can be received. In step 330, a forecast for the weather element is received. 
The weather element forecast can, for example, be based on the Farmer's 
Almanac, the National Weather Service forecast or another source. 
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[00049] In step 340, a change in the selected weather element is predicted. For 

example, a prediction could be based on trends in weather elements from one 
year to the next. 

[00050] In step 350, the predicted weather element change is compared to the 

weather element forecast to determine the relationship between the predicted 
weather element change and the weather element forecast. For example, if the 
predicted weather element change was that the temperature was going to be 
warmer on a future time period compared to last year for that time period, but 
the forecasted temperature was less than last year then it would be determined 
that the predicted and forecasted temperature were inconsistent. In a further 
embodiment, relative magnitudes of the differences can be determined. For 
example, the difference leading to the inconsistency between the predicted and 
forecasted results could be based on a single degree to many degrees. 

[00051] In step 360, a confidence level is assigned to the weather element 

forecast based on the comparison with the predicted weather element change. 
For example, if step 340 predicted that a temperature would be warmer for the 
future time period and the weather forecast also forecast that the temperature 
would be warmer, then a high level of confidence would be assigned to the 
weather forecast that it was correct. The level of confidence would be based 
on the strength of the particular method to predict a change in the weather 
element that was used. 

[00052] In an alternative embodiment, the weather element forecast could be 

compared to results from multiple methods to predict changes in weather 
elements. In this case, a weighting could be assigned to each of the methods 
for predicting changes in weather elements, such that the confidence level 
assigned to the weather element forecast was a function of these weightings 
and whether they were consistent with the weather element forecast. 

[00053] For example, if all three methods to predict changes in the weather 
were used, and all three produced a result that was in agreement with the 
weather element forecast, a high level of confidence would be assigned to the 
weather element forecast. If some methods produced results that agreed with 
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the weather element forecast and others did not, the confidence level would be 
lower. This confidence would be a function of the individual confidence 
levels associated with each method and the weighting provided to each 
method. 

[00054] In step 370, a confidence level associated with the weather element 

forecast is output. The output confidence level can be used from Step 360. In 
step 380, method 300 ends. 

Conclusion 

[00055] Exemplary embodiments of the present invention have been presented. 

The invention is not limited to these examples. These examples are presented 
herein for purposes of illustration, and not limitation. Alternatives (including 
equivalents, extensions, variations, deviations, etc., of those described herein) 
will be apparent to persons skilled in the relevant art(s) based on the teachings 
contained herein. Such alternatives fall within the scope and spirit of the 
invention. 
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